. Several studies have shown the binding of collagen (9, 29), laminin (7, 16, 26) , fibronectin (14, 25) , and vitronectin to Staphylococcus aureus (4, 6, 23 
negative staphylococci have different capacities to agglutinate proteins. Cells of 18 strains of Staphylococcus haemolyticus reacted more strongly than did cells of 18 Staphylococcus epidermidis strains with proteincoated latex beads, although no significant difference in cell surface hydrophobicity or charge could be shown. The cell surface receptors of S. haemolyticus were more heat and protease resistant than were Staphylococcus aureus receptors. Strains ofStaphylococcus saprophyticus isolated from urinary tract infections showed a high capacity to adhere to laminin. The ability to agglutinate fibronectin and collagen was common among coagulase-negative staphylococci isolated from other infections; 55% (31 of 56) and 63% (35 of 56) agglutinated fibronectin and/or collagen. S. haemolyticus and S. epidermidis bound to both N-terminal (29-kDa) and C-terminal (120-kDa) fragments of fibronectin.
Coagulase-negative staphylococci (CNS) are opportunistic pathogens causing infections associated with foreign bodies, such as intravascular catheters, and vascular grafts; these infections usually persist until the biomaterial is removed (33) . The CNS group is heterogenous, comprising more than 30 different species (13) . Staphylococcus epidermidis is the species most commonly isolated from human infections, but Staphylococcus haemolyticus is commonly isolated from severe vascular graft infections (16) and Staphylococcus saprophyticus is a urinary tract pathogen (10) . The virulence factors involved in the pathogenesis of CNS infections are not well understood. Cell surface hydrophobicity and slime production have been proposed to be involved in the adhesion and colonization of CNS to biomaterials (8) .
For many pathogens, binding to various components of the extracellular matrix in open wounds and damaged tissues is most likely the first step in tissue colonization and establishment of an infection (7, 31) . Several studies have shown the binding of collagen (9, 29) , laminin (7, 16, 26) , fibronectin (14, 25) , and vitronectin to Staphylococcus aureus (4, 6, 23) . We previously showed a synergistic binding of vitronectin and collagen on the staphylococcal surface (23) . However, how CNS interact with such host-tissue proteins has not been much investigated. Strains of various species bind fibronectin and collagen, although often to a much lesser extent than do strains of S. aureus (27) .
We developed a rapid, simple latex particle agglutination assay (PAA) for screening S. aureus cell surface structures interacting with collagen and fibronectin (22 Preparation of latex reagents. Standard latex reagents were prepared and used as previously described (1, 22) . Briefly, 1-ml samples of latex particle suspensions were mixed with 3.0 ml of 0.17 M glycine-NaOH buffer (pH 8.2), 100-,ug samples of highly purified protein or protein fragments were added, and the mixtures were kept at 30°C for 12 h on a horizontal shaker at 50 rpm. The mixtures were centrifuged (9,200 x g, 5 min, 10°C), and the pellets were suspended in 2.0 ml of 0.17 M glycine-NaOH buffer containing 0.01% ovalbumin and 0.01% merthiolate and kept at 4°C for 12 h. Gelatin was dissolved by heating at 45°C for 10 min in a water bath and then added to the latex beads. Protein-coated latex bead suspensions were diluted 1:5 in Pp buffer (pH 6.8) and then tested in two-phase system tests.
PAA. The PAA was performed as previously described (1, 22) . Briefly, latex reagents (20 ,u1) were placed on glass slides, and equal volumes of bacterial cell suspensions were added. The two drops were gently mixed, and the agglutination reaction was read after 2 min. The reactions were scored (PAA value) from strongly positive (score of 3) to weakly positive (score of 1) or negative (score of 0) as previously described (22 ,ug/ml) (24) . The cells were washed, suspended in Pp buffer, and tested in the PAA as described above. Partitioning in aqueous two-phase system. An aqueous polymer two-phase system containing polyethylene glycol (PEG 6000; Kebo, Stockholm, Sweden) (7.13%, wt/wt) and dextran (molecular weight, 48,000; Sigma) (8.75% [wt/wt] in 0.015 M NaCl [pH 6.8]) was prepared as a phase system (1, 12). To determine particle charge, negatively charged dextran-sulfate (molecular weight, 500.000; Pharmacia, Uppsala, Sweden) at a concentration of 0.40% (wt/wt) was included in the phase system, replacing an equivalent amount of dextran. Similarily, positively charged DEAEdextran at a concentration of 0.40% was included, replacing an equal amount of dextran in the phase system.
Hydrophobic affinity partitioning was performed by including monosubstituted PEG-palmitate and dextran-palmitate,
replacing an equal amount of PEG (for the PEG-palmitate) or dextran (for the dextran-palmitate) in the phase system. percentage of cells in the rest of the system. Dextran-sulfate was used for the delta log G charge, and PEG-palmitate was used for delta log G hydrophobicity.
RESULTS
Influence of culture media. Reference strains were grown on blood agar, mannitol-salt agar, brain heart infusion agar, proteose agar, or staphylococcus medium 110 and tested for reaction with latex particles coated with proteins, i.e., agglutinated fibronectin, collagen I, gelatin, and Staphaurex. Blood agar was the optimal medium for CNS strains because few strains autoaggregated. The numbers of strains reacting in the PAA with fibronectin, collagen I, and gelatin were highest when the strains were grown on blood agar (data not shown). None of the CNS strains agglutinated Staphaurex.
Studies on reference strains and clinical isolates. Seventeen reference CNS strains were examined with different proteins immobilized on latex beads (Table 1) . Ten of the strains showed strong reactions with collagen and gelatin (denatured collagen), and seven bound fibronectin. Agglutination with laminin or vitronectin was less common. Eighty-four CNS strains isolated from different human infections and 15 CNS strains from healthy persons were examined in the PAA with fibronectin, vitronectin, laminin, collagen I, gelatin, and Staphaurex (Fig. 1) . The numbers of autoaggregating strains were 1 of 7 osteomyelitis strains, 2 of 9 endocarditis mentioned above, no effect was observed in the agglutinating ability the coated latex beads; all of the proteins agglutinated like the non-antibiotic-treated control (data not shown). Inhibition of PAA. Preincubation of fibronectin-coated beads with fusion protein ZZFR at 20°C for 30 min completely blocked the clumping of S. haemolyticus SM 131 and S. aureus Cowan 1, confirming the receptor specificity of the assay (data not shown). Fibronectin-particle agglutination was completely inhibited by preincubating cells of Cowan 1 with soluble fibronectin, the 29-kDa fibronectin fragment, or lactoferrin, whereas no inhibition could be seen after preincubation of S. haemolyticus cells with the same proteins ( Table 3) . The other glycoproteins, carbohydrates, and hep- (Table 3) . Preincubation of S. haemolyticus cells with gelatin (denatured collagen) totally abolished agglutination to all of the proteins tested.
Fibronectin fragments. Strains of S. haemolyticus and S. epidennidis adhered to the 29-and 120-kDa fibronectin fragments, but none of the strains tested agglutinated with the 150-kDa fragment of fibronectin (Table 4) .
S. haemolyticus versus S. epidermidis. Generally, cell suspensions of S. haemolyticus strains agglutinated in the PAA faster and stronger than did suspensions of S. epidermidis (Fig. 2) . The cell surface hydrophobicity and charge properties of S. haemolyticus and S. epidermidis were studied (Fig.  3) . There was no significant difference between the strains of the two different species in partitioning in the two-phase system, although strains of each species tended to form two clusters. Charge and hydrophobicity of coated beads. Uncoated latex beads showed a strong negative charge (-1.3) and a high surface hydrophobicity (-1.3); these characteristics changed when the beads were coated with the different proteins ( Table 5) .
DISCUSSION
Immobilizing various proteins on latex beads has become a standard procedure for the study of fibrinogen-immunoglobulin binding cell surface structures for rapid diagnosis of S. aureus infection (2, 5) . We developed a PAA for the detection of fibronectin, fibrinogen, and collagen receptors on S. aureus (22) . The increasing problem with biomaterial-associated infections caused by CNS encouraged us to develop similar tests to study whether these organisms react with various host proteins. Connective tissue proteins such as collagen and laminin and serum-derived fibronectin and vitronectin may all be involved in a tissue colonization process in surgical and other infections. The CNS are heterogenous, comprising more than 30 species isolated from human skin (13) . We have shown that strains of different species of CNS have different capacities to bind to proteins (Table 1) . Different culture media and growth conditions influence the expression of cell surface proteins of S. aureus (3). For our PAA, culturing on blood agar was optimal, with a low number of autoaggregating strains, for both S. aureus and CNS. Autoaggregating strains were commonly isolated from healthy persons (8 of 15 strains). Among the clinical isolates, many strains showed binding to collagen I and fibronectin, whereas laminin commonly bound to S. saprophyticus cells. This finding is particularily (21) . This fragment contains no sugar, in contrast to other fragments that are highly glycosylated (11) . A second binding site for S. aureus cells in the C-terminal region has also been reported (15) . We show here that cells of various CNS strains commonly bind to immobilized N-and C-terminal fragments of fibronectin. Our observation that the 29-kDa fragment of fibronectin did not inhibit the fibronectin PAA reaction is consistent with the findings that strains of S. haemolyticus did not react with the fibronectin binding protein gene probe of S. aureus (16a) . That a protein A-fibronectin-binding protein fusion protein inhibited the binding of fibronectin to both S. aureus and S. haemolyticus in the PAA suggests some sequence homology of the fibronectin-binding proteins of these two species. Different binding was previously reported for group A, C, and G streptococci (18) and S. aureus (15, 20) Why strains of S. haemolyticus agglutinated more strongly and more quickly than strains of S. epidermidis will be investigated further. These differences cannot simply be explained by differences in cell surface hydrophobicity and charge.
